CLAIMS 
What is claimed is: 

1. A soMd multi-component membrane for use in 
an electrochemical rfeactor characterized by (1) an inti- 
mate, gas-impervious, Y^^'^^^P^^^se mixture of an electroni- 
cally-conductive phaseXand an oxygen ion-conductive phase 
or (2) a mixed metal oxide material having a perovskite 
structure represented byVthe formula: 

a.aYb„b\b"^o, 

wherein A represents a :^anthanide or Y, or a mixture 
thereof; A' represents an alkaline earth metal or a mixture 
thereof; B rejtfffes^nts Fe; ft' represents Cr or Ti, or a 
mixture thereo>f;\ arii^ B" represents Mn, Co, V, Ni or Cu, or 
a mixture there^fa^c 
a number such'""^Kat : 

s/t equals from about \0. 01 to about 100; 

u equals from about O.Ql to about 1; 

V equals from 0.01 to a&out 1; 

w equals froa zero to abbut 1; 

X equals a number that satisfies the valences of 
the A, A', B, B' and B"* in the formu\a; and 
0.9< (s<^t) / (u^-v^t/) <1. 1. \ 

2. The col icKmeabrane of claim 1 comprising an 
intimate, gas^aperv&ous Neulti-phase mixture (1) wherein 
the electroniea luy-conductiVe phase comprises silver, gold, 
platinum, pajl l|^d\.um, rhodiuR^ ruthenium, bismuth oxide, a 



s, t, u\ V, w, and x each represent 



praeseodymi 
oxide roixtube 
electron-cond 
structure 



B-lincSiium OKide mixture, a cerium-lanthanum 
uiQ-titahium oxide mixture, or an 

— . — . -.^.xed meta\ oxide of a perovskite 

, or /a m: 



5,X a\ niobil 
uctiMe aix( 



iixture thereof arid the oxygen ion-conduc- 



tive phase cofi^rises yttria- or caloda-stabilized zirconia, 
ceria or bismuth oxide, or an oxygeX ion-conductive mixed 
metal oxide of a perovskite structures 
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3. The solid membrane of claim 1 comprising an 
intimate, gas-imperwous multi-phase mixture (l) prepared 
by a process which cdbnprises the steps of 

(A) prepara.ng an intimate multi-phase mixture of 
at least one material! which is electronically-conductive 
and at least one oxygem ion-conductive material, 

(B) forming \the mixture into a desired shape, 

and 

(C) heating the formed mixture to a temperature 
of at least about 500 tb form a dense and solid membrane. 

4. The solid feembrane of claim 1 comprising an 
intimate, gas- impervious multi-phase mixture (1) prepared 
by the process which comprlLses the steps of 

preparing anXintimate multi-phase mixture of 
1 oxide, the metal of which is electronic- 
and at leaVt one oxygen ion-conductive 



at least 
ally-cond 
material , 



^ne m^ta] 
ictiv? 



ture in a 
metal. 



shape, and' 



:c) 



hi^ating the mii|cture at an elevated tempera- 
cin^ ataosphere to reduce the metal oxide to 

.ng the reduced mixture into a desired 



heating the formed^ mixture to a temperature 
of at least ^bbut SOO*'C to form a dense and solid membrane. 

5. \ I The solid aembran^ defined according to 
claim 1 wherAiln the solid membrane ^comprises an intimate, 
gas-imperviou^, aulti-phase mixture Consisting essentially 
of from about 1 to about 75 parts bA volume of the elec- 
tronically-conductive phase and from about 25 to about 99 
parts by volume of the ionically-conduotive phase. 

6. The solid membrane of claim 1 comprising a 
mixed metal oxide material having a perovskite structure 
(2) wherein A represents La or Y, or a mixrt:ure thereof; A' 



-100- 



represents Ca o4 Sr, or a mixture thereof; B' represents 
Cr; and B" represents Mn or Co or a mixture thereof; 

s/t equals from about 0.1 to about 20; 

V equals from about 0.05 to about 0.5; 

w equals from about 0.01 to about 0.5. 

7. An lelement for use in an electrochemical 
reactor or reactorVcell having a first surface capable of 
reducing oxygen to oxygen ions, a second surface capable of 
reacting oxygen ions with an oxygen-consuming gas, an 
electron-conductive \path between the first and second 
surfaces and an oxwfen ion-conductive path between the 
first and second surfaces characterized in that the element 
comprises/a^ulf ur reducing catalyst at the first surface 
of the element 

8. Vn element for use in an electrochemical 
reactor lor reactor celi\ having a first surface capable of 
reducing oxygen 



reactingi oxyger 
electronrconduc 
surfaces! and a| 
f irst and\ sec 
comprises\ (A) 
ized by Ul) 
mixture of ^an 
ion-conduct iv 



\o oxygeb ions, a second surface capable of 
Uons wUth an oxygen-consuming gas, an 
iN^e path\ between the first and second 
cygcn ion-conductive path between the 
susrfaces characterized in that the element 
sol^d QultiV-component membrane character- 
fan intiaateA gas-impervious, multi-phase 
Slectronically-Qonductive phase and an oxygen 
phase or (2) al mixed metal oxide material 
having a perd^skite structure afed (B) a conductive coating, 
a catalyst, or a conductive coatdng comprising a catalyst. 

9. The eleaent of c\aim 8 wherein (B) is a 
conductive coating comprising an lalkali or alkaline earth 
metal or metal oxide in an amount un the range from about 
1% to about 50% by weight of the conductive coating. 

10. An electrochemical reactor cell for reacting 
an oxygen-consuming gas with an oxygei^containing gas in an 
environment containing either the oxygf^n-consuming gas or 
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the oxygen-contaiAing gas, characterized by a solid multi- 
component membrane! having an entrance end, an exit end and 
a passage therebeliween for the movement of one or more 
gases from the entrance end to the exit end, wherein the 
solid membrane is defined according to any one of claims 1- 
6. 

11. The eiiectrochemical reactor cell of claim 10 
wherein the solid rnqmbrane is a solid cylindrical core 
having a circular passage for the movement of one or more 
gases therethrough. 

An electrochemical reactor cell for reacting 
an oxygeri-consuVting gas Vith an oxygen-containing gas in an 
environment containing either the oxygen-consuming gas or 
the oxygen-containing g4?f characterized by an element 
having an entranae end, araexit end and a passage therebe- 
tween ;:or the movement of one or more gases from the 
entrance end! to \the exit \ end, wherein the element is 
defined laccording to any onel of claims 7-9. 

\ 13. Jirf^ reactor for reacting an 

oxygen-cdnsuii^ng gaa with an axygen-containing gas charac- 
terized h\: * \ 

shell having an entk-ance end, an exit end and 
a passage therebetween for the\ movement of one or more 
gases from t^he entrance end to the exit end, and 

at ^east one electrochemical reactor cell posi- 
tioned within the shell having an entrance end, an exit end 
and a passage therebetween for the movement of one or more 
gases from the entrance end to the Vxit end, so that the 
shell and the reactor cell together form a first zone for 
introducing, reacting and expelling V first gas or gas 
mixture and the passage through the rlactor cell forms a 
second zone within the electrochemical Veactor for intro- 
ducing, reacting and expelling a second g\s or gas mixture, 
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whereirfl the electrochemical reactor cell compris- 
es a solid multi-pomponent membrane as defined in any one 
of claims 1-6. 

14. An Electrochemical reactor for reacting an 
oxygen-consuming ga^ with an oxygen-containing gas charac- 
terized by: 

a shell having an entrance end, an exit end and 
a passage therebetween for the movement of one or more 
gases from the entrance end to the exit end, and 

at least one electrochemical reactor cell posi- 
tioned within the shell having an entrance end, an exit end 
and a passage therebetween for the movement of one or more 
gases f rom /^he entrancA end to the exit end, so that the 
reactor coll together form a first zone for 
eacting aAd expelling a first gas or gas 
c passage through the reactor cell forms a 
hin the electrochemical reactor for intro- 
and expel lung a second gas or gas mixture, 



shell and 
introducin 
mixture a 
second zonle 
ducing, reac 




-the electrochemical reactor cell compris- 
es an elemeViixeo QofinQd in d^y one of claims 7-9. 

15L The\ <2l®ctroch<imical reactor of claim 13 
wherein the electro^hQaical realtor comprises a catalyst on 
a support ir| the first £one. 

la. The (sloctrochemibal reactor of claim 14 
wherein the Electrochemical reactar comprises a catalyst on 
a support in the first sone. 

17. An electrochemical if^actor for reacting an 
oxygen-consuming gas with an oxygen-cyDntaining gas charac- 
terized by: 

a shell having an entrance e^ad, an exit end and 
a passage therebetween for the movement of one or more 
gases from the entrance end to the exit eyid, and 
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at lea^t one electrochemical reactor cell posi- 
tioned within theXshell having an entrance end, an exit end 
and a passage thesebetween for the movement of one or more 
gases from the entrance end to the exit end, so that the 
shell and the reacAor cell together form a first zone for 
introducing, react iVig and expelling a first gas or gas 
mixture and the passage through the reactor cell forms a 
second zone within tne electrochemical reactor for intro- 
ducing, reacting and expelling a second gas or gas mixture, 
wherein the \electrochemical reactor comprises an 
oxidative coupling catdlyst on a support in the first zone. 

An electrochemical process for oxidizing a 



gas capable C)f reacting With oxygen characterized by 



(A) \ providingV an electrochemical reactor cell 
comprising fx^st and sesond zones separated by a solid 
multi-componer t\ membrane defined according to any one of 
claims 10,-12, 

(B) heating the Xelectrochemical cell to a tem- 
perature of fi"oia^bout 300*a to about lAOC^C, 

uCHx^pasBing an oxyaen-containing gas in contact 

with the metfibrane iV the firsAzone, and 
\ \ \ 

(D) passi>pg a gas >capable of reacting with 
oxygen in cpntact v/ith the membrane in the second zone. 

An el®ctrocheaical\ process for oxidizing a 
gas capable tof reacting with oxygen characterized by 

(A) providing an electrochemical reactor cell 
comprising first and second zones s^arated by an element 
as defined according to claim 8 or 9, 

(B) heating the electrochemical cell to a tem- 
perature of from about 300«C to about l\oO«C, 

(C) passing an oxygen-contain^g gas in contact 
with the membrane in the first zone, and 

(D) passing a gas capable of \ reacting with 
oxygen in contact with the membrane in the second zone. 



o o 
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20. Thfe process of claim 18 or 19 conducted at 
a temperature of dbout 1000*C to about 1400®C, wherein the 
gas capable of reacting with oxygen is methane, natural 
gas, ethane, or otaer light hydrocarbon gas, or a mixture 
thereof, and further comprising 

(E) recovering synthesis gas from the second 

zone. 

21. The pitecess of claim 20 wherein (D) com- 
prises passing a methane-steam mixture in contact with the 
membrane in the second \ zone. 

22. The process of claim 18 or 19 conducted at 
a temperature of about ^SO^C to about 950®C, wherein the 
gas capable of react ing\ with oxygen is methane, natural 
gas, ethane or other light hydrocarbon gas, or a mixture 

further comprising 

recovering \one or more unsaturated hydro- 
the second zoi 
^An electroct\emical process for producing 
Irocarbon compbunds from saturated hydrocar- 



thereof , 



carbons 



unsaturat 



bon compoandsAcharacti^ized 



an. elemer 
above; 




providing an electrochemical cell comprising 
ng a first anq second surface as defined 



issing an o«yger^-containing gas in contact 
with the 9ir^t surface nhile 

passing a saturated hydrocarbon-containing 
gas in cont3|ajict with a dehydrogenatuon catalyst adjacent to 
the second surface and 

(O) recovering unsaturated hydrocarbons 
wherein the element is defUned as in claim 8 or 
9 or comprises a solid multi-componen\ membrane as defined 
in any one of claims 1-6. 

24. An electrochemical procei^s for substitution 
of aromatic compounds which comprises: 
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(A) providing an electrochemical cell comprising 

(i) an element having a first surface capable of 
reducing oxygen to oxygen ions, a second surface capable of 
reacting oxygen inns with an oxygen-consuming gas, an 
electron-conductive! path between the first and second 
surfaces and an oxygen ion-conductive path between the 
first and second surraces, 

(ii) a fiJ^^t passageway adjacent to the first 
surface, and \ 

(iii) a secomd passageway adjacent to the second 
surface; and \ 

(B) passing oxygen-containing gas through the 
first pa^s^geway while \ 

(C) passing an\ oxygen-consuming gas through the 
second passageway wherein the oxygen-consuming gas compris- 

f a hydrogen-ipontaining aromatic compound and 
hy^rogen-contairiing compound to produce the 



es a mxx 
a seconU 
substitu 



ure 



NO2, SO2 
wherein st^p 



ed arpaatic compound. 

(A process for Extracting oxygen from NjO, NO, 
characterized by the process of claim 18 



NO 



'2^ 



SO 



solid membi 



(C) ^oaprioQS passing a gas containing NjO, NO, 
'2, SO5, or © niKturo thereof, in contact with the 
ane in the first sone. 
2©. A procGss for extracting oxygen from NjO, NO, 
NO2, SO2 and/or SO, characterized W the process of claim 19 
wherein step (C) cosprises passingXa gas containing N2O, NO, 
NO2, SO2, or SO,, or a ©ixture thereof, in contact with the 
element in th® first sone. 

27. The process of claim\25 or 26 conducted at 
a temperature in the range from ^out 300 ®C to about 
lOOO^C. 

28. An electrochemical proi^ess for producing 
hydrogisn cyanide from methane and ammoni\ characterized by 
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(A) providing an elect.rochemical reactor cell 
comprising first ano^ second zones separated by an element, 
having a first sur facte capable of reducing oxygen to oxygen 
ions, a second surf acA capable of reacting oxygen ions with 
an oxygen-consuming gas, an electron-conductive path 
between the fitrst and second surfaces and an oxygen ion- 
conductive pajfcf^ between 4he first and second surfaces; 

^eating the^ electrochemical reactor cell to 
|QX\ from abou'Si, 1000 to about 14 00*^0; 

passing an oxygen-containing gas in contact 
int in the first\2one; 
passing methane\and ammonia in contact with 
the membrane ^in the second zone\ and 

(E) recovering hydroge^ cyanide from the second 

zone. 





